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Digestibility and Energy 
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Akira ABP and Tatsuo HAMADA , 
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Setagaya-ku, Tokyo 156 
a National Institute of Animal Industry. Tsukuba 
Norin Kenkyu Danchi, Ibaraki-ken 305 
(Received October 15, 1996) 
Abstract Two groups of rations with known in vivo digestibility and energy values were used 
in this study. These rations were composed of Italian ryegrass only (lRO. n = 45), and combina­
tion of Italian ryegrass and concentrates (lRC, n = 58). The IRC ration was obtained from two 
batches, namely IRC-l and IRC-2 consisting of 42 and 16 samples, respectively. Two methods of 
near infrared reflectance spectroscopy (NIRS ; direct and indirect method) were carried out for 
comparison with the in vivo value. Samples (30 each) of IRO and IRC-l group rations were 
randomly chosen to develop the NIRS calibration equations for estimating digestibility and 
energy value. These equations were used to determine the digestibility and energy value of the 
remaining 15 samples of IRO and 12 samples of IRC-I (direct method). Also, digestibility of those 
remaining samples were calculated based on the lignin indicator method using feeds and fecal 
components determined by NIRS (indirect method). Comparison of the value determined by 
direct and indirect methods with the in vivo of those remaining samples called validation test. 
Same comparison was conducted to IRC-2 ration samples for application test. The direct method 
of NIRS showed reliability only for ration at the same batch with that used in developing the 
calibration. However. the indirect method showed the potential and reproducibility for determi­
nation of digestibility and energy values of ration either originated from the same or different 
batch with that used in developing calibration. 
Anim. Sci. Technol. (Jpn.) 68 (4) : 351-359, 1997 
Key words: NIRS, Digestibility. Energy value, Dairy cattle 
Application of near infrared reflectance spec­
troscopy (NIRS) method for prediction of di­
gestibility and energy value of feeds l . 5. 7l were 
done by directly calibrating the feeds to the 
references of the in vivo value. The re!iability 
of the calibration equation depends on similar­
ity of samples used for developing the calibra­
tion and the one to be predicied l61 . However, 
Anim. Sci. Techno!. (Jpn.) 68 (4) : 351-359 351 
the digestibility of feeds is complex2. 11 1, because 
various factors are involved such as animal 
factor ll), feeding level usedS) and interaction or 
feedstuff within the ration 4). Therefore, large 
n um ber of samples covering these factors ar( 
required for developing an acceptable calibra· 
tion equation. An alternate method to cope 
with this problem is by employing the compo· 
I. 97 
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sitions of feed and feces determined NIRS IS), 
of this method are that it does not 
the reference data of digestibility or 
energy value from the energy balance trials; 
and it is to cover the factors 
digestibility by fecal data in calcula­
tion. Moreover, this method had been shown 
to have an accuracy for determina­
tion, 
The was to compare 
direct and indirect methods of NIRS for the 
estimation of and energy value of 
feeds. 
Materials and Methods 
A total of 103 ration samples with known 
and energy values collected from 
energy balance trials with dairy cattle were 
used in this study. These rations were Italian 
ryegrass only (IRO, n=45), and the combina­
tion of Italian ryegrass and concentrates 
(soybean, corn, or manufactured concentrates; 
IRe, n Combinations of the feedstuffs in 
the IRC were varied, In case of IRC, it comes 
from two batch samples, IRC-l (n 
and IRC-2 (n 16). Ration samples of IRC-l 
were used for developing the calibration equa­
tion and for while the IRC-2 was 
used for the test only. Origin, 
chemical compositions and ratio of Italian rye­
grass and concentrate of IRC-l and IRC-2 
to animals were similar. The difference 
between IRC-l and IRC-2 was the harvest 
season for grass and the variation of grains 
used for the concentrates. All 
rations were adj usted to meet the total 
ble nutrJents (TON) of 
standard9). Digestibility were eval­
uated for matter (OM), 
(OM), crude protein 
acid fiber 
value was evaluated for the 
and metabolizable energy 
NIRS 
Prediction of nutrient digestibility by NIRS 
was carried out a Pacific Scientific (Neotec) 
model 6500 (Perstorp Analytical, Silver Spring, 
MD) scanning monochromater instrument 
attached to an IBM computer. Scanning was 
done on the range of 1100-2500 nm at 2 nm 
intervals. Calculation was done for the 
l/R values. This in· 
strument was with IS] (Infra Soft 
International, Port Matilda, program in 
spectral calculation. Calibration 
were carried out with multiple re­
<Tn""""".,,., to achieve the correlation re­
gression ~nd the lowest standard error 
were to pass a I mm screen. 
NIRS-direct method 
Direct method is a conventional method of 
NIRS which is done 
the nutritive value of feeds using calibration 
the calibration equa­
tions were with the reference data 
obtained from energy balance trials. Calibra­
tion equations for each group ration were 
developed each 30 randomly 
chosen from 45 samples of IRO and 42 samples 
of IRC-I. Grouping was done to achieve a 
maximal prediction of the calibra­
tion for similarity of samples used"·16). 
of chemical composition of samples for 
developing calibration is in Table I. 
for calibration were selected for 
maximum four due to the limita­
tion of used. In this method, prep­
aration of for NIRS were 
made in a mixed form in proportion as fed to 
the cattle. 
NIRS-indirect method 
Indirect method is the estimation of digesti­
bility and energy values by estimation equa­
tion NIRS value. The estima­
tion was based on lignin as an indicator. Be­
cause the method was carried out using NIRS 
predicted value of feeds and fecal constituents, 
it was considered to be able to cover the animal 
factors the digestibility. NIRS 
cali bra tion eq ua tions used for 
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constituents of feeds and feces the 
report in previous Metabolizable 
energy and the TDN content of the indirect 
method were calculated by formula, 
ME= -0.33+0.958 
TDN=DOM+L25DEE 
used in these formulas, 
matter (DOM), and 
ether extracts were obtained by multi-
the contents of energy, OM, and EE of 
feeds determined by NIRS with those of 
ibility estimated value. 
Validation of the methods 
Validation of the direct or indirect methods 
were done for determination of the remaining 
15 of IRO group, and 12 of IRC 
-1 group. Ranges and mean values of 
used in validation are in Table L 
by the direct method for each 
group was determined with each developed 
calibration These values were com­
pared to that calculated by indirect method. 
Application test 
In conventional method of NIRS, 
of developed calibration equation was based on 
of correlation coefficient and stan­
dard error of prediction obtained from valida­
tion testIS. Application test was done to 
evaluate the reliability of that calibration equa­
tion for from different batch. This 
test was done for IRC group only because IRO 
group samples was not 
Statistical 
Paired w.as carried out to analyze 
the between the methods and the 
in vivo results. Precision of the methods was 
evaluated from the residual standard deviation 
(RSD) between the NIRS methods 
and the in vivo value. 
Results and Discussion 
Means and ranges of used for 
calibration equation and valida­
tion. In the ranges of calibration 
were wider than the validation as presented in 
Table L The ranges observed in IRO group 
were wider than that of the IRe. 
used for the calibration and its 
validation for each group are in 
Table 2. In the present study, evaluation of 
wavelengths was pointed to the first two wave· 
lengths due to the importance related to the 
components predicted l3l. Clark and in­
troduced the evaluation based on the wave­
length region. They noted that 
measurements (in vivo and in vitro) is complex 
and do not tneasure functional groups (C-H, N­
H, etc.) as in the determination of chemical 
in to the nearest 100 nm range. For 
the wavelengths from 1750 to 1849 nm were 
as ISOO-nm region, and etc, 
Dominant obtained in IRO 
group in the 1st and 2nd measurement were 
1500 and 2400-nm As the 1200­
is known as the second overtone 
it can be estimated that the first over­
tone occurs in 1700-nm Thus, included 
is the 1st wavelength of EE di-
This 1700-nm was related 
to fiber and protein, and often used for 
bility determination of and 
of 1500-nm is related to the easily 
materials such as, protein and solu­
, while 2400-nm is 
known as the starch and cellulose 
absorbance l4). Wavelengths obtained in those 
components were in the proper 
In the IRC group, the 1st and 2nd wave-
were dominated by 2000 and 2100-nm 
These are known as the amide 
group area and starch l4), This was correlated 
to the fact that IRC group contained more pro­
tein and starch due to the presence of concen· 
trate. 
The correlation coefficient of calibrations in 
IRO group was higher than that of the IRC 
which ranged between 0.770 and 0.946, while 
IRC between 0.580 and 0.921. The 
lower correlation coefficient for IRC group may 
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Table 1. Means and ranges of digestibility value of the rations used for 
developing the calibration and for validation 
Constituents:) 
Calibration (n=30) Validation 
Mean Range Mean Range 
Italian ryegrass only (lRO group) 
Digestibility (%) n = 15 
DM 56.5 26.5 -75.4 54.3 36.1 -67.6 
OM 59.8 29.3 -76.4 56.6 41. 7 -70.9 
CP 41. 1 15.9 -58.0 40.5 28.7 -51. 1 
EE 67.4 58.4 -78.8 56.6 54.2 -72.2 
CF 52. 7 15.7-74. 2 51. 2 32. 0 -75.3 
ADF 44. 1 10.1 -71.0 43.7 25.4 -69.0 
Energy value 
TDN 56. 3 27.7 -78.5 52.8 39.2-65.9 
DE 2.27 1. 10- 3.11 239 1. 63- 2.96 
ME 1.90 0.67- 2.85 1.96 1. 23- 2 50 
Italian ryegrass and concentrate (lRC-1 group) 
Digestibility (%) (n= 12) 
DM 69. 7 62.3 -76. 1 72.2 66.5 -77 6 
OM 72.5 65.5 -799 74.9 69.8 -79.9 
CP 61. 1 34.1-79.6 72.2 66.5 -77 5 
EE 69. 1 61. 5 -76.0 76. 7 62.9 -81. 1 
CF 51. 2 41. 5 -55. 5 53.4 44.6 -65.5 
ADF 46.4 28.2 -56.0 50.0 42.0 -56.2 
Energy value 
TDN 69.1 61.5 -76.0 71.6 66.0 -76.0 
DE 3.03 2. 71- 3.37 3.20 2.90- 3.48 
ME 2.58 2.16- 2.91 2 73 2. 37- 3. 00 
IJTDN was expressed as %DM intake; DE, ME were expressed as Mcal! 
kgDM 
be related to the limitation of wavelengths 
used for the more complex spectra of mixed 
form samples. Another possible reason is re­
lated to the broad combination of feedstuffs in 
small reference data for cali bra tion (n =30). It 
is well known that combination of two or more 
feedstuffs in the ration resulted in an interac­
tion in digestibility4.1I). This phenomena in 
the living systems may not be completely in­
terpreted only in small number of references 
data or four wavelengths used. 
Furthermore, the developed calibration 
equation of each group was subjected to 
validation test and are presented in Table 2. 
Generally, the correlation coefficient value and 
standard error of prediction (SeP) in the valida­
tion were lower than that of the calibration. 
Based on the rand SeP values, the calibration 
equations for digestibility of CP and EE in IRO 
group seem not reliable for further use. Simi­
larly, it was observed in the digestibility values 
of OM, EE, CF and ADF in IRC group. Howev­
er, because those low correlation coefficient 
val ues may be related to the narrow range of 
the reference values used for validation, fur­
ther evaluation of the difference from the in 
354 
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Table 2. Wavelengths used for calibration and its validation for unknown set samples of the IRO and 
IRC group') 
Constituents') 
Wa\'elength Calibration Validation 
1st 2nd 3rd 4th R SeC SeP 
Italian ryegrass only (lRO group) 
Digestibility (%) 
DM 1158 24~C 1592 2215 0.913 5. 2 0.910 4. 7 
OM 1158 1355 23% 1982 0.939 4. 4 0.848 5. 9 
CP 2056 239~ 2278 1558 O. 770 5.8 0.302 5. 7 
EE 1694 239C 1156 1716 0.871 2.2 0.199 4.5 
CF 1796 189L 2234 1408 0.929 56 O. 770 9. 4 
ADF 2358 115C 1282 1516 • 0.917 5. 3 0.820 8.8 
Energy value 
TDN 2332 1556 1158 2128 0.946 3.8 0.835 5.6 
DE 2284 19~L .2~64 2150 0.889 0.2 o. 776 O. 3 
ME 2240 24~C 1488 1965 0.807 0.3 0. 857 O. 2 
Italian ryegrass and concentrate (IRC-I group) 
Digestibility (%) 
DM 1474 214E 17L4 2196 0.640 2.6 0. 559 3. 2 
OM 2038 2148 1395 1582 0. 682 2.5 0.410 3.0 
CP 1730 1486 1222 2204 0.921 2.9 0.881 46 
EE 1284 1533 2212 1508 0.686 3.9 0.366 6. 1 
CF 2020 1842 1672 1268 0.580 4. 5 0.073 5.6 
ADF 2296 2148 1358 1748 0.601 4.3 0.041 5.3 
Energy value 
TDN 2038 2148 1395 1582 0.717 2. 4 0.498 3.0 
DE 2122 1172 1390 2204 0.766 o. 1 0653 O. 1 
ME 2446 1938 1450 2146 O. 766 0. 1 o 720 0. 1 
I) See Table I. 

.) Calibration set was used for 30 samples, while validation set was used for 15 samples of IRO and 12 

samples of IRC-l ; 

R : Correlation coefljcient from multiple regression. r : correlation coefficient from simple-regression. SeC: 
standard error of calibration. SeP : standard error of prediction. 
vivo value was done. 
Simultaneously those values obtained from 
the direct and indirect methods were compared 
with those of in vivo. Comparison are pre­
sented in Table 3. The estimated values by 
the direct and indirect methods were generally 
in the same level with the in vivo. The differ­
ence of means between the value estimated by 
the methods and the in vivo showed that the 
direct method was generally smaller than that 
of indirect method. However. these biases 
were less than 5%. It can be explained that 
the direct method of NIRS was based on the 
strength of correlation regression between the 
reference value and the selected wavelengths 
of samples in batch used in developing calibra­
tion equation. Consequently. the mean value 
of the direct method will be closer to the mean 
of reference value_ 
In some cases statistically different results 
were observed. From the IRO group, the di­
gestibility of OM. OM, ADF. and DE and the 
355 
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Table 3. Means and residual standard deviation between the NIRS methods and the in vivo for the two 
groups rations') 
NIRS direct NIRS indirect in vivo 
Constituents!) 
Means RSD Means RSD Means Range 
IRO group (n = 15) 
Digestibility (% ) 
DM 54.0 4.6 49.9" 4. 1 54.3 36.1-67.6 
OM 55. 5 5.9 51. 6" 3. 7 56. 6 41. 7 -70.9 
CP 38.8 5. 7 41. 6 5. 1 40.5 28.7 -51. 1 
EE 66.2 4. 5 67. 1 3. 4 66.6 54.2 - 72. 2 
CF 48.5 9.4 49. 4 4.9 51. 2 32.0 -75.3 
ADF 44.6 8.8 39.0" 5'9 43. 7 25.4 -69.0 
Energy \'alue 
TDN 53. 2 5.6 48.5" 3.5 52.8 39.2 -66.9 
DE 2.01" 0.30 2 11" 0.30 2.39 1. 63- 2.96 
ME 1. 71'* O. 23 1. 69" O. 29 1. 90 1. 23- 2. 50 
IRC-I group (n =12) 
Digestibility (%) 
DM 71. 7 3. 2 73.9 3.9 72.2 66.5 -77.6 
OM 74. 3 3.0 76. 5 3.5 74.9 69.8 -79.9 
CP 67. 2 4.6 71. 1 5.5 68. 2 50.5 -00.5 
EE 77.6 6. 1 79. 1 6.8 76. 7 62.9 -81. 1 
CF 52.0 5.6 55.2 5. 7 53.4 44.6 -65.5 
ADF 46.9' 5.3 51. 1 5.5 50.0 42.0 -56.2 
Energy value 
TDN 71. 0 3.0 73.2 3.5 71. 6 66.0 -760 
DE 3. 15 0. 16 3. 22 O. 15 3.20 290- 3.48 
ME 2.66 O. 14 2. 76 0.14 2. 73 2.37- 3.00 
I) See Table I. 

,) RSD : Resid ual standard devia tion, • significant (P <0.05), •• significan t (P <0.01) ; 

o"'}­
TON estimated using indirect method were 
found significantly different (P< 0.01). In IRC 
group, significances (P < 0.05) were observed 
only in the digestibility of AOF estimated by 
direct methods. However, the residual stan­
dard deviation (RSO) of the indirect method 
was lower than the direct method in IRO 
group, but was similar in IRC group. 
This validation test showed that conclusion 
made based on the correlation coefficient and 
standard error of prediction values, as usually 
done in direct method, is not completely cor­
rect as observed in the ME of IRO group. 
Also, this comparison showed the accuracy of 
both direct and indirect methods were similar 
and appropriate to estimate the in vivo value. 
Application test 
The application test was done using IRC-2 
and are presented in Table 4, Compared with 
the in vivo, almost all the estimated values of 
two methods were significantly different (P< 
0.01). In general, the difference of the methods 
showed that the indirect method was smaller 
than the direct ones. The direct method 
showed inaccuracy for estimation of OM, EE, 
CF, and AOF digestibilities as well as the TON, 
356 
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Table 4. Means and residual standard de\'iation between the NIRS methods and the in vivo of 
applica tion test rations') 
NIRS direct NIRS indirect In vivo 
Constituents!) 
Means RSD Means RSD Means Range 
Italian ryegrass and concentrate, (IRC-2, n = 16) 
Digestibility (%) 
DM 73.8 1.6 74.2 1.4 70. 7 68.0-73.6 
OM 61. 9 1.0 76.5 0.9 74.9 73.1-76.7 
CP 66.3 1.9 71. 2 1.9 69.4 64.9-72.2 
EE 95 1 4 r .. 0 76.5n ' 5.3 75.3 64.5-81. 0 
CF 2.9 2.6 72.8 2.2 68. 2 63.0-71.9 
ADF 33. 7 2.3 63.3' 1'. 1 61. 6 58. 2-65. 3 
Energy value 
TDN 578 3.0 73.0' 2. 7 75.4 59.7-78.6 
DE 3.31' O. 10 3. 12 0.08 3.25 3.05- 3.36 
ME 2.93 0.19 2.64' 0.17 2.78 2.22- 2.97 
I) See Table L 

.) Statistical analysis by paired I-test were significant (P< 0.01) between the methods and the in vivo; ns : 

not significant.• : significant (P < 0.05) 

RSD: Residual standard deviation. 

with the biases of 13.0, 19.8,65.3,27.9, and 17.6%, 
respectively. In the indirect method, biases 
for estimated values were considerably smalL 
The highest bias was 4.6% of CF digestibility, 
while other constituents were the range of 1.2­
3.5%. 
In the prediction of DE and ME value, the 
direct method differed at 0.06 and 0.15 Mcal/ kg, 
or if expressed in percentage were 1.9 and 5.4%, 
respectively. Differences of these values 
resulting from the indirect method were 0.13 
(4.7%) and 0.14 (5.0%) Mcal / kg, respectively. 
These results showed that both methods were 
able to determine the DE and ME values, but 
the accuracy should be improved by more ref­
erences data. The RSD of DE and ME deter­
mined by indirect method was different. This 
fact indicated that the linear equation for the 
ME determination using the DE value was not 
able to cover the variation from animal factor 
resulting in vivo value. However, those biases 
were small and just higher than 4% as limit 
value of bias in farm usage recommended by 
Van Es I8). By adopting that value, the estima­
tion of digestibility value obtained from the 
indirect method was in the reasonable range 
for farm use. 
Evaluation of IRO (validation test), IRC-l 
(validation test) and IRC-2 (application test), 
showed that the RSD of the indirect methods 
was smaller or similar with the direct method. 
These facts, however, showed that the indirect 
method has the reproducibility for digestibility 
estimation method. 
This study showed that indirect method of 
NIRS has a potential for digestibility and 
energy val ue determination. Referring to the 
resul t of the application test, the indirect 
method was better than the direct method. 
This is in contrast to the statement of Coleman 
and Murray3) that direct prediction by NIRS 
method was better than the secondary predic­
tion using chemical composition as intermedi­
ate. This is because digestibility and energy 
value is affected by complex interaction be­
tween/within the animal and feeds llJ which 
may not be detected by the direct method. 
Stability of precision indicates high rc­
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producibility of the method as it is important 
for routine in farm management. 
Moreover, the result of this study show that 
indirect method was superior than direct 
method to cover the interaction factors occurr­
in animal due to the inclusion of fecal data 
in the estimation. The bias observed in this 
study can be reduced by developing a more 
for feeds and 
fecal components by increas­
ing the number of samples for calibration. 
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